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FOREWORD

The .iterature pertsining tc Lift Valley fever has been
reviewed in conjunction with investigation of the disease and
its etiologic virus, The work was performed under Projeci
4811-02-065.

Intended as an economic msasure, it has heen addressed to
the consolidation and summarigation of published material of
potential value in the study, research, and evaluation of Rift
Valley fever,

The number of reports pertaining to this disease and its
agent was limited by the ...rtor of laboratories engaged in
investigations of the disease since ite discovery in 1431,
Approximately 180 rsports were reviewsd, The number of reports
pubiished world-wide was estimsted at sbout 200. Because of
duplication only about 100 of the svailable reports were cited
in this text. .




DIGEST

Rift Valley fever literature was reviewed with the intention
of accumulating, under a single cover. published msterial of use
in the study, research, and evaluation of the disease. Emphasis
was placed on presentation of facts as they were reported in
scientific publications,

Attention has been given to (a) geographic distribution, (b)
modes of transmission, (c) susceptibilicty of hosti, (J) pathology,
(¢) immunity, (f) characteristics of the virus, and (3) investiga-
tion procedures.

Rift Valley fever has been shown to be a highly infectious
disease of sheep, cattle, snd other animals, Msn has been
infected frequantly during epizootics of domestic animals and
during laboratory or field contact with infectious material.
The disease has not been found to occur naturally outside the
African continent, but accidental human infections have been
reported in the United States, Europe, and Japan.

\—.
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1. INTRODUCTION

A. DEFINITIONW

Rift Valley fever has becn defined as an acute, febrile, insect-borne
virus disease of sheep, cattle,and other animals. Also susceptible, man
has been infected during epizootics of domestic animals and laboratory
accidents,

B. HISTORY

In 1930, Daubney gg.gl,l/* isolated a specific virus of the disease
during an epizootic in sheep und cattla of the Rift Valley in Africa.
The Rift Valley was described as a huge geological depression that starts
in Persia and continues thﬁu;h northeastern and central Africa until i:
ends in eastern Transvaudl. Rowcver, the disease was not confined to
the Rift Valley, and it probably existed in Africa such earlier than 1931.
According to Weiss,2/ Montgomery (1912) and Stordy (1913) reported the
existence of &4 disease in man and domestic animsle with a symptomatic
resemblance to Rift Valley fe.er.

Daubney first designated the disesse "enzootic hepatitis" because of
extensive liver damage in infecte«d znimsls. Because pathology extended
to other organs as well, he lster decided upon the name 1’ft Valley fever,
the designation consistently employed in the literature.

* See Litarature Cited.

!
!




11, RIFT VALLEY FEVER

A. GEOGRAPHIC DISTRIBUTION

Evidence of Ri1ft Valley fever has beea found in a wide belt extending
from the southern tip of the Union of South Africa northward into Central
Afr{ca.i Occurrences of the diseare in this belt and elsewhere are shown
in Figure 1,

The first proved epizootlic, described by Daubney in 1931, occurred in
Kenva.l/ The disease was contracted by shepherds attending infected flocks
and by fcur Furopeans engaged iu exanination of infected animals aad in
:aboratory work with intected materials, ’

Transmission of the virus bty mosquitces and presence of the disease in
Uganda wus reported by Smithburn et al. in 1948, when virus was isolated
from mosquitoes caught in the uninhabited Semliki forest.3/ Even before
this, Findlay et gl.ﬁ had shown that virus-seutralizing antibodies existed
in the sera of natives in Uganda, French Sudan, Anglo-E;:r.tian Sudan, anc
French Equatorial Africa. Another outbreak of che disesse occurred in
Kenya in 1933,1/ 1In the summers of 1950 and 1951 the first epizootic
occurred in the Union of Soush Africa.Bsd/ The South Africs apizootic
involved the western and south.cestern areas of Orange Free State, northern
and westerTU7rens of Cage Province, and the wesiern and southern areas of
Transvaal.=~/ Epizootics reappeared in the Union of South Africa in 1953
(Pauresmith district), 1955 (l.r_lsnﬁ«} 7istrlct), and in the summer of
1956 (Western Orange Free sutc).._a.._..’._3 Yn 1957 Kokernot et l_l_.!ﬁ found
that vild-caught mosquitoes in Zululand carried the virus and Shone regg ted
the prescace of antibdouies in the sera of cattle in Southern Rhodesia.=:

Kaachu!all/ found antibodies in the sera of cattle ia the Knysna dis-
trict, but no evidence of clinical disease other than an occasional aborticn
in catrle, He suggested that these areas formed truly enzootic areas simi-
lar t-, tt: Semliki forest, Enzootic areas were described as low, warm areas
with hign sinual rainiall, Similar terrain and climate plus the added fac-
tor of sheep f-rming characterized the epizootic areas. Xt was reasoned
that the disease reached epizootic preportions only in those %“f tic areas
that were also suitable tur sheep, a highly susceptible host, The

disease lalted atryptly with the first frost and with movement of herds to
high altitudes.bi?/  The geographic distribution of arthrorod-bo v*guis’
in South Africa was {nvestigated in some detail by Kokernot et al, 4,19-

and Paterson et g.i!.v
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B. SUSCEPTIBILITY

A wide range of species was classified accord.ng to their suacegt}bility
to laboratory infection with Rift Valley fever by Findlay et _._1.3_2.: He
classified lambs, wice, hamsters, and wild rodents as wmost susceptible,
inssmuch as the disease was usually fatal to these animals. It was also
fatal to about fifty per cent of the second group, composed of sheep and
rats, Men, smonkeys, cows, gosts, and grey squirrels experienced severe .
nonfatal {ufections and were placed in a third group. Cats vere next with
a uild reaction, followed by rabdits, which showed no evidence of i{nfection
although the virus persisted in the blood for several days., In a study of
susceptibi{lity among various species of monkeys, Pindlay reported differences
in susceptibility that were separate from differences in antibody response.Z2
Indian, African, and South American wnnkeys were aqually susceptible, although
certain species of African monkeys were less snsceptible., The more suscep-
tible group exhibited a febrile reaction and viremia {n contrast to certain
African monkeys, which showed nothing moro than the circulation of virus for
a few days., In 1952 Findlay encountered ditfwnccn tn the susceptibility
of mice and rats in relation to age and diet, Suckling mice were more
susceptible than older mice and rats. Rats maintained nn an inadequate diet
were wmore susceptible than well-fed rats. Findlay pointed out that the diet
upon which the rats were maintained for the susceptibility studies in 1932
wis ot considered adequate in the 1252 studies. High death rates 1nd1cat_¢j
that ferrets should be pla - ed in the group of highly suscsptible animals, 2’
Horses, pias, mong ~ses, Leigehogs, *r-rcives, fto;; and domosticated and
wild fow! were listed as nonsusceptible dy Nndlly._z./

C. TRANSMISSION
l. Natural

Seasonal aspects u. ..!ft Valley fever outbreaks coincident with
prevalence in low terrain following pe.iods ot heavy rainfall led Daubney
et al, to conclide that the virus was transaitted naturally by biting -
insects.2’ Furthermore, they were able t stop the disesee by moving
flocks to higher altitudes or sheltering animals from mosquitoes., The
mosquito was establishicd as & vector by Sa.thburn et al. in 1948 when the
virus was isolated from mosquitoes caught in the Semliki forest of Uganda.
Virus was (solated from three species of the genus Aedes and sixz species of
the genus Eretmspodites., Material from the Aedes species had lower titer

.than that from the Eretmspodites species. It was thus concluded that an

Eretmapodites syecies was the vector and the Aedes species were incidentally *
infected and not involved in the parasitic cycle. In 1949 the virus was

transmitted from lamb to 1 and from mouse to mouse in the laboratory with
Lretmepodites chﬂ-ougor._/ Epidemiological studies in 1948, 1951, and .
1953 showed no ev f person-to-person spread ur infecticn of man by

an insect v.cm.m Virus isolstions from wild-caught mosquitoes are
susmmsriged {n Table I,




TABLE I. RIFT VALLEY FEVER ISOLATIONS FROM WILD-CAUGHT MOSQUITOES

LITERATURE

SPECIES LOCATION DATE CITED
Aedes deboeri de-msilloni Africa 1948 5
Asdes tarsalis Africs 1948 5
Asdes caballus South Africs 1955 ' 13
Aeces circumluteolus South Africe 1956 & 1957 20,30
Aedes africanus South Africa 1956 & 1958 3o
Eretmapodites chrysogsster Africa 1948 5
Culex theileri South Africa 1953 13

2. Experimental

Rift Valley fcser virus has been trassmitted in the laboratory by
scarification, injection, nssal instillatiom, eye inrtillation, injection
by biting insects, and somstimss by eating imfected material. Vectors that
have been induced to tramsmit the virus in the laborstory sand those that
have become infected without transmitting the virus are shown in Tables II
and IT1, respectively,

TABLL II. VECTORS WITH WHICH EXPEADGENTAL TRANSNISSION OF
RIFT VALLIEY FEIVER VIRUS NAS DEXIN ACNIEZVED

LITERATURR
SPECIRS DATE CITmDd IDARFS

m‘?g_g?]u sppendiculstus 1933 ? Virus not retained

tick thru wolt to adult
Eretmspodites chrysogpstey 1949 el '
Asdes segypii : 1935 iu,n Adapted viscerotropic

: iunyo strasin omnly

Asdes caballus 1233 13
Asdes tarralis 1954 2
Mansonis species 1934 2
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TABLE IT1. MOSQUITOES THAL WERE INFECTED WITH
" RIFT VALLEY FEVER UNDER LABOMATCRY CONDITIONS
BUT DID NOY TRANSMIT VIRUS

SPECIES DATE . LITERATURE CITED
Culex thefleri 1955 33 )
Mansonia fuscopennata 1933 » 7
Mansonja versiolor © 1933 7
Mansonia microannulata 1933 7

The immediate portal through which the virus infects during inges-
tior of food has not been clearly shown. Deubney 4l. failed to trsnsmit
the virus by drenching a lamb with infected blood. Yet mice have been
infected by allowing t to feed on other mice that were moribund or deed
of Rift Valley fever.3 It was pointed out that actual transmission could
have occurred in seversl weys. Experimental transaission of virus by nasal
and eye instillati 34/ ami scarification suggested that infectfion could
have resulted from cage-d1it serosol, aerosol crested by clawing at infected
mice, or scratches iucurred dur% esting, but probably not from simple
ingestion of infected material, Experimental transmission of the virus
to a human voluntaer is described {n the section on humen infectioas.

3. Accldental

EZxact portals of eatry responsible for transmissioa of the virus in
accidental infection of veterinarisns and laboratory workers remain somewhat
obscure. The first reported infections followed participation in post-
mortem examination of infacted animals and laboratory exposure in which

. little or no protective parapheroalis was used.l/ Later, varying degrees

of protection fncluding sloves, surgical masks, sad protective over-garmants

were us2d without success. Accld, tal infection has also resulted from

handlixz contaminated ;huuu,!.? entering rooms housing infected animals,

po..:ig’ viris suspensious, and grinding infected tissve in mortar and pes-

tle. Une accidental infectiom occurred unier circumstances that suggesced
unusual resistance of the virus to dtytn;.u An individual, vhose presumed

contact with the virus was scraping sud paiating the walls of a rooms that .
had housed infected laboratory snimal: three wonths sarlier, became infected

15 days after the paint-scraping experiencs - Active work in that location

vith Riit Valley fever virus had been turminated four months before the -
onset of {llness.




¥Pindlay believed that the virus could gain entry through skin abra-
sions, the conjunctivai sac, or the mucous mesmbrane of the nose. 22

Invaatigators have failed to isolate the virus from the urine of
infected man cr animals, but it has been isolated from m:co-hemorrhagic
feces3®/ and material aborted by infected ewes,il/

Search har been made for an intermedlate host that circulated an
adequate titer ot virus long enough toc participate in the parasitic cycle.
Weinbren and Masondl/ observed that a wild field rat, Arvicanthis
abyssiuscus, had antibodies to Rift Valley fever in its serum and inves-
tig-ted tve animal a3 a pussible intermediate host. They concluded that
the rodent could act as a natural host to the virus.

D. HUMAN INFECTIONS
1. Sources

Rift Valley fever infections acquired under natural conditions
occurred in humsns during each recorded epizootic of sheep and cattle.d
Infections occurred among personnel engaged in post-mortem examination

of Jiseased animals, imong laboratory personnel in contact with infectious
materialy and among of'hers whose occupations involved them with infected
anmll../

2. Experimsatal Infecrtion

Daubney et a_l_.y provided the only report of a human experimental
infection with Rift Vslley fever virus. MNo asppsrent risk was involved,
because earliar accisental infecticns were without known fatalities. An
adult msie of the Kissi tribe, s mslarial patient, was given three cubic
centimeters of diluted virus intramuscularly. The inoculum was prepared
from 0.2 cc of lamb plasms filtrate which was obtained with a Chamberland
L5 filter, Titration of the msterial was not reported, but the patient
probatly received 107 to 108 MIPLDsg of virus.

On the third day atter inoculation, the patient complained o.
headsche and pain in the loins. On the fourth day, symptoms became
seveix ond the febrile respouse appesred. The face was congested, eyes
were sligntly bloodshot, #nd the pulse was raptd. On the fifth day the
tasperatore returned to normsl but abdominal discomfort ressined for
weeks, Vireaia was detected from the fourth through the ninth days
after inoculation., No uantoward sequelae were reported.
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3. Confirmed Infections

Rift Valley fever infections in humans have been heavily documented
from case reports of persons contracting the disease duriag occupational
contacts wvith the virus., Reports of confirmed cases have becn summairized
in Table IV. Note that the first such report was made by Daubney and co-
workers in 1931, Infections were contracted in 2vary laboratory in which
work with Rift Valley fever was carried on. Infections of African, European, .
Japeness, and American workers in s variety of occupations were reported.

Most infections followed known contact, but contact was not always well
defined. High morbidity amongy those sxpused to the virus was apparent from
the earliest reports. S

4. Morbidity and Mortality

Deubney et a_l_.y and Mndhyz_z/ reported 100 per cent morbidity
among personnel following post-mortem sxperience vith infected carcaases.
Alwost every native engaged in herding sheep during the 1930 epizootic
coniracted a disease with symptomatic resemblance to Rift Valley fever.
Subsequent to the 1950 outbreak in South Africa, Schuls estimsted 70 per
cent mt% ity amoag approximstely 32,000 people assumed io be directly
exposed, Ten to fiftesn per cent morbidity wes estimsted for the total
population assumed to be at risk, approximstely 500,000 people. The number
of persons physically in-olved with infectious meterials was much smaller.
All state veterinarians, stock inspectors, and persons known to take an
active part in post-mortes examinatiocu of diseased animsls contracted the
fever, Thus, the worbidity smong susceptibles positively exposed was 100
per cent; lower uccurrence in the general population probably reflected
degree of exposure rather thsn morbidity.

In contrast to high worbidity, on ; one human fatality associated
vith Rift Valley fever has been npoxtod._./ This report is reviewed in
Section I1, D,5,d.

3. Clinical Picture
a. Symptoms
Remarkably similar symptomatically to deagus fever, Rift Valley

fever has a sudden omset vith elevated temperature, headache, muscular
pain, weskuess, sensation of fulluess over the liver, rigors, yertigo,
photophobia, nsuses, and sometimes coutlp«ltmu spistaxis. Elevated
temperature frequently occurs in two phases. 2

. 1Incubatiom Pericd

After three to six days' incubetion period, a rise 1ia tempers-
ture occurs, aiong vith one or wors of the symptoms previously descrided,




TABLE IV. SUMMARY OF RIFT VALIKY FEVEK _NFECTIONS IN HUMANS

NO. OF CASES AND CONFIRMATION
PLACE OCCUPATION TESTE LITERATURE CITED

Kenya 2 veterinary surgeons None 1
2 lab assistacts

patholugist su 22,38
veterinary surgeon SN
lab assistants v,s”

=

Uanited

pathologist v,s8 27,33,138,39
States :

techniciucs
lab assistants
virologists

NN e

pa:holojiltl v,sn 40
technicians
animal caretaskers

Uganda

~—
woN

Japan 12 lab workers Ccr,ss 41

farmsrs v,su,cr 12,15,17,42-47
veterinary surgeons

teachers

research station

employees

merchant

diasond worker

Lechaician

natives

unknown

[
~No~S s

South
Africa

[ N SN

8, SN = gserums neutrslisation
V = virus {s~lated
C? ~ complement fixatiea

and persists for two to three days (Figure 2). The temperature frequently
’ returns to normsl for one or two deys and rises a second ting, Tempers-
" tures resch 103° to 107°F, usually accempanied by symptoms.

Ce Incapacitatiom

The febrile response more or less paralleled the period during
which virus was {solated from the blood, a period of four to six days.2:
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FPigure 2. Clinical Signs of Rift Velley Fever Infection in Humans.
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This period was also marked by a sharp rise in the leucocyte zount, which
changed to leucopenia as the febrile period terminated. Incapacitation
varied from inapparent infections t> complete debilitation. However,
clinically recognizable cases usually required bed rest during the febrile
period, Recovery was most often uninterrupted and complete, but malaise,
veakness, and complaint3s of h:,dache and defective vision were reported

t. persist for several weeks.

d. Sequelae
(1) Ocular

Sympromatic visual disZurbsnces were noted frequently
in reports on humsn cases of Rift Vallsy fever. Photophobia, tenderness
of the eyeballs, and pain behind the eyes were frequently rcportcd.fﬁ.“.

Dsubney st g_l_.y reported that a laboratory worker com-
plained of defective vision for some weeks following the disease. The
nature of the visual defect was not described, nor was there any reference
to investigation of the compleint. Although complaints of visual disturb-
ance have been made following Rift Valley fever infections in Centgal
Africa, evidence of retinal dn-.o'é?lloutu. infection has been rxottcd
only in the Union of South Aftlu.3

Central serous retinopathy, characterized by macular
swelling and occasional small hesorrhages, was described by Free
and Schrire.2 Freed reported the case of a schoolmsster, 38 years
old. who coaplained of visual disturbance ot six weeks' duration in :he
left eye. Six days after onset of illness the patient noticed blurring
of vision, 8Six weeks later examination showed the cause to be a dense
viite elliptical mass covering the left mscula, Previcus exposure to
Rift Valley fever virus was shown by the complemsnt-fixatiom test.

Schrire“d/ described five cases of mscular exudstes and
one case of retinal detachment seen in his practice during the 2951
epizootic in the Union of South Africa. All of these cases were diag-
nosed by the complemsnt-fixation test. Dacta pertinent to these casas
are summarised in Table V. The onset of eye symptoms varied from the
begianing of the febrile period to three weeks later. Visual defects
remained in most of the cases for more than two wmounths. In one case they
were permanent. [n soms, after msny moaths, the lgsions resoived; in
others, complications persisted for thres years. During the South
African epidemic of 1951 several ophthlnlmlu noted similar changes,
but these have not been reported ia detail. :

The relstionship between Rift Valley fever and visual
sequelae has not been definitely established. Most of the observations
reported were on pstients without continuous history. Diagnosisiof
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Rift vValley fever was made serologically, i. most instances weeks or months
after the discovery of past illness related by the patient., In three of
the six cases reported by Schrire there was, hcwever, a history of contact
with animals. 7Two patients (Cases 2 and 3) vere emploved at a government
research station wvhere a number of cattle were fuund to have Rift Valley
fever. At the same time five other staff members had an influenza-like
diseas¢. The third case (Case 6) was a government veterinarian who inves-
tigated an outbresk in cattle. This evidence, coupled with the complement-
fixation tests, circumstantially linked Rift Valley fever with the reported
visusl disturbances.

(2) Circulatory

Continuous history of the only reported fatality nsgg}.ued
with Rift Valley fever was also inconclusive. Schwentker and Rivers=X
reported the history of a pathologist, age 30 years, who contracted the dis-
ease in the laboratory. The patient exhibited a typical clinical case of
infection and recovery until the sixteenth day after onset, vhen phlebitis
developed in the popliteal vein of the left leg. On days 20 20d 26 pulmo-
nary tnfarcts formed in the right lung. Another infarct formed in the left
lung on day 3% and phlebitis developed in the femora) vein of the right leg
four days later. The patient died from a large pulmonary embolus on day 45.
Autopsy revealed none of the pathological changes associated with Rift
Valley fever infections of larger animals., Typically, virus was isolated
from the tlood on days 1 through 3, but not thersafter. Joubert et a_-_x_.é.?.’./
referred t> one individual who developed coronary thrombosis one week after
contracting Rift Valley fever, but srated that the patient was of an age
and weight frequently associated with circulatory disorders.

6, lmmunity
3. Duration

Antibodies appeared in the sera of infected persons 14 days
after onset3?/ but the duration of active immunity in man towvtng Rife
Valley fever infection has not been utablhhcd.._/ Tindlay. reported
antibodies i{n the sers of laboratory wovkers who had recovered from infec-
tion four to five years c:wcr, but they had had subsequent contact vwith
virus, Sabin and Blumber reported antibodies in the serum of a patient
infected and vithog known contact with the virus 12 years after recovery.
Pindlay aad Howard22/ reported on the du.ation of fsmunity i{n the labora-
tory workers first reported in 1936, The sera of sll the workers retained
antibodies, which had persisted in the abserce of exposure to the virus
fo. periods of 12, 18, and 20 years. Schrire and Cear3/ claimed that
ant ibodies persisted for 20 years following {nfectiomn, sud suuc—ljod that
recovery might be followed by life-long {mmunity., Brown et al, ques~
tionad the 20-year figure because protocols were not reported, but pre-
sented evijence of antibodies persisting for 25 years. Neutralizing
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antibodies were demonstrated in the serum of one of the authors (T. Dalling)
25 years after recovery from infection, Expressed as the reciprocal of the
50 per cent ncutraéi:ing dilution of 250 mouse subcutaneous doses, the serum
titer was 1 x 101.8, Dalling had no further coatact with the virus after
the infection,

b. Immunization
(1) Passive

Plndlny-z-z-" apparontly avoided clinical infection by admin-
istering immune human serum during the period of exposure to the virus, He
reported the appearance ofi previously undetected antibodies in his serum
vithout experiencing appareat infection,

(2) Active

nnuui!/ developed & vaccine for Rift Valley fever, using
formalin-inactivated virus which propagated in monkey kidney-cell tissue
culture. The vaccine was tested in animsls and humsn volunteerr, MNeutralisz-
ing watibody titers in animsls and volunteers wers comparable. Antibody
titer and immunity wers correlated by intracerebral challenge in mice,

Vaccine produced from monkey kidney-cell tissue culture was
prepared by inoculating cells in serum-free medium 199 with virus and incu-
bating for 96 to 144 hours st 36°C, Infected whole cultures were homogenized
in a Waring blendor and clarified by centrifugation. The supernatant blend
was passed through a sintered glass filter of medium porosity and the pH was
adjusted to 7.0 to 7.z, If the material was of high titer (108:3 to 108-9
per ml), it was trested with formelin in s final concentration of 1:1000.
Tree formalin was neutralized with sodium bisulfite and the vaccine was then
dialyzed against Hank's balanced salt solution for 24 hours at 4°C. The
vaccine was tested for bacterisl sterility and viable virus at several time
iantervals and then safety-tested in the finsl procedurs.

E. ANTMAL INPECTIONS
1. Natural Iafections

Almndcryv and Dicksoud/ classified Rift Valley fever in sheep and
cattle according to clinical signs of the disease. They recogrized & pera-
cute form, an acute form, a sub-scute form, and s wuild or inapparent form.
The peracute form was commoa in very young lambs. An {ncubstiom period of
about 12 hours was followed by collapse and death withia 36 hours in 95 to
100 per cent of the infected lsmbs. During the 24 hours preceding desth,
lambs were listless, disinc)ined to feed, and sank dowa soon after being
put om their feet., The abssnce of diarrhes was noted. The scute form was
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commonly encountered in lamba and to & lesser extent in adult sncep. Clini-
cal signs appeared suddenly and iucluded a rapid rise in temperature, vomit-
ing, mucopurulent discharge from the nose, rapid pulse, unsteady gait, and
abortion in pregnant animals. Death usually followed onset within 24 to 48
hours. The rortality rate was high in lambs and varied from 20 to 30 per
cent in adult sheep. 1In adult sheep and cattle, the subacute form was com-
mon, Body temperatures rose to 104° t5 106°F and persisted for 24 to 96
hours. There wes inappetence and general weakness. Abortion was frequently
the only sign in pregnant animsls., Milk production decreased rapidly. The
mortality rate was low, less than 10 per ceat in cattle, The mild or inap-
parent form also occurrsd in adult sheep and cattle. The only sign of dis-
ease was a mild febrile reaction, and diagnosis could be made only by sero-
logical methods. Lleucopania folluowed the apparent forms of infection, 22/

2, Experimental Infections

Experimental infection of lambs with pantropic Rift Valley fever
virus :Mv) was followed by a clinical picture simjilar to natural infec-
tions. Goats showed signs similar to those of -hcegi Cattle showved
dullness, inappetence and blood-stained nassl dllclunc Sheep and
lambs inoculated with neurotropic Rift Valley fever virus (NRVFV), other
than h'ti cgr,bnlly (1C), exhibited a mild or inspparent form of the
disease, o However, when inoculated IC, NREVFV caused & rapidly fatal
encephalitis. Death occurred within 24 hours without signs otner than a
slightly elevated temperature, but if the animsl survived 48 to 72 hours,
the elevated temperature was followed by retrsction of the head, inability -
to rise, and convulsive twitching of the limbe.

Mice and rats experimentally infected with NRVFPV and PRVYV exhib-
ited roughensd coats, lethargy, tremors, convulsions, suboormal tempera-
tures in later stages, coma, and usually death in one to three hours sfter
onset of disease and within 36 to 72 hours after inocuhtlou._nﬁ Preg-
nant mice and rats froquontl¥ aborted and died. The young were still-born
or aied shortly after birth,ll

A febrile, nonfatal form of RVF developed in monkeys within 24 to
96 hours after inoculation.25/ The febrile response persisted for 24 to
120 hours, followed by leucopenia, but other signs of disease wers not
apparent,

3, Pathology

Pathology of Rift Valley fever infection gn various ?u-u wvas
invuttgztcd by Dnubm;bcc ll.,l/_}v\dhy at al,, £2,52,56,58 Marschal, 39/
Smith m,.s.' Kitchen, Schulz, and Hiu_./ then reviewed by Uolu in

1957.7 The maverial puuuud belcw was summarized from the observations
published by thsse investigstors.
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a, Sheep, Cattle, and Goate

“Tne pantropic virug primerily affected the liver, «hicn showed
characteristic focal nocro-h.l Liver degenerstion in larus Jiffered somec-
wvhat from that in sheep. In lambs, the liver was frequently yellow, rarely
enlarged, but slways lacking the deep red of the normsl liver. It showed
necrotic foci approximstely one millimeter in diameter in association with
subcapsular hemorrhages scattered beneath the capsule. The lesions axtended
throughout the iiver and in peracute casss the normal architectuie was some-
times completely lost. The psrenchymstous cells underwent hysline degenera-
tion and lost their sffirity for scidophilic stains. With the exception of
a few cells near the central vein, the lobule wvas made up of irregular
smasses of lightly stained cytoplasa, Lsucocytes and histiocytes showing
karyorrhexis infiltrated between these musses.

The liver of mature sheer was usually mottled brown and fre-
quently enlarged., Liver cells degenerated and the lesions accumulated poly-
morphonuclear leucocytes and histiocytes. lesions were usually focal and
not panlobular, as in lambs. PRarly changes of the liver wera observed in s
fev cells in the central zone of the lobule. Hyaline bodies, indistinguish-
able from Councilman lesicas of yellow fever, wers formed by cloudy swelling
of the cytoplasm, which was followed by hyalins degeneration. As the lesion
progressad, the cells contracted and showed oxy‘.hro- degeneration of the
aucleus and development of inclusion bodies. Hndlayij regarded the inclu-~
sfon bodies as degensrationm products. Progressively, the lesions were then
invaded by polymorphonuclear leucocytes and histiocytes, which wers destroyed
and formed a necrotic mass. Wher the lesion was in the central sone this
mass formed an occlusion of the central vein, Generally, liver lesiouns in
cattle and goats were similar to those observed in older sheep.

The splsea 1n this group of animals usually showed subcapsular
petechiae and capilla —7 arborescence, primarily near the fres bozders.
According to Schuh, lesions observed during tha Unioca of South Africe
epizootic showed, as a rule, tumor splenis and subcapsuler hemorrhages.
Necrobiotic chan;u in the pulpa could be seen, along with occntoul
infiltration of neutrophiles,

The kidneys of lambs showed congestion of the cortical and
sedullary blood vessels, especially near the boundary szone., They showed
cloudy swelling, and on occasion the cells of the convoluted tubule« lost
their ability to retain nuclear stains., Llesions in older sheep mst often
progrnud to tubular degensration or eephrosis.

The alimentary tract was inflsmed in degrees vurylu; !ro-
catarrhal to hemorrhagic eateritis. Schuls found large subperitonesl
hemorrhages along the entire gastrointestinal tract., In addition to the
usual enteritis, he also observed areas of croupous or necrotic enteritis
and ulcerstion,




The wall of the gall bladder showed petechiav; it was often
thickened from subserosal and muscular hemorrhage, hyperemia, and edema;
it showed extensive desquamation and necrosis of the mucous membrane,

Cyanosis was observed in visible mucous memhranes and skin,
particularly in the udder, scrotum and axillary regions, the lower part
of the extremities, and inside cthe hind legc. Subcutaneous tissues were
edematous and the cutaneous blood vessels were distended. In addition,
cattle showed acute catarrhal stomatitis, erosion of the lips, tongue,
and cheeks; coronitis, laminitis, exungulation, and, on occasion, merkea
ascites 2V

In the lungs, congestion of the meningeal vessels and inter-.
2lveclar capillaries was noted. The lungs showed hyperemia, edema and
emphysema and subpleural or perivascular hemorrhages. Schulz also ohbserved
signs of fibrinous pneumonia in lambs. Degenerative changes were coserved
in the adrenals. Cortical and medullary hemorrhages and & number of cells

ntaining hyaline inclusions were observed.

) The heart showed subpericariisi hemorrhages ia the region of

the coronary grooves and small subendocardial extravasations in the left
ventricle, The mssenteric and omental vessels were deseply engorged, and
the mesenteric i,mph glands were enlarged snd moist, At times hemorrhages
extended into the cortex of the glands, .

The only abnormsl change noted in the placenta was invasion of .
the uterine musculcsture and decidua by polymorphonuclear leucocytes, many
of wvhich were breaking down and undergoing karyorrhexis. lnchuhl’-/ iso-
lated vir., from a foetus aborted by an infected ewe and concluded that
the virus could pass the placental tissues.

lou;g ropic virus, inoculated intracersbrally, produced encepha-
litis in lambe, Tocal necrosis, degenerstion of ganglion cells and
nuclear inclusions in ganglicn cells, perivascular infiltration, and infil-
tration of the meninges with leucocytes wers observed.

Pantropic virus produced discrete necrotic foci irregularly
distributed throughout the liver lobules of nnhyo.w Poci varied in
number, and hyaline degeneration of the cytoplasm was not as well marked
as iu sheep snd goets, Keurotropic virus, inoculated 1ntuc¢rg rally,
gave rise to encephalitis similar to that described in sheep.

b. Mice

According to llotu,y liver lesions vere found 3 be essenciaily
the uawn all ouocoptt?lo species of snimals, nuuy,? m:hbum,”
Kitchen, and 61,62/ described pathology of the disease in mice., The
sppesrance of the liver in infected mice resembled that of lambs; infected
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rata showed less extens{ve dn-nge.!!/ smithburn3Z/ and Kitchen34/ described
encephaiitic lesions in mice, similar to those described in lambs and mon-
keys, whea neurdtroplc virus vas inoculited intracerebrally into mice. Fixed
neurotropic virus did not produce liver lesions in mice, but virus in its
eighty-{fth mouse intracerebral psssise in mice produced smail foci of
degeneration on the livers of mice inoculated intraperitoneally.

Hi-:élj reported that mice {11 with Rift Valley fever had little
or no prothrombin in the plasms. Prothrombin levels of less than five per
cent of normal and clotting times of 10 to more than 60 minutes were recorded.
Mixs attributed the hemorrhagic phenowmena in Rift Valley fever infections in
mice to this deficieacy. He pointed out that the deficiency had also been
reported ir yellow fever inlections of raesus monkeys.

C. ﬁiucollancou. Animals

ltndlay&l/ reported that post-mortem sppearances i.. small rodents
such as hamsters, dormice, wood mice, and field woles were very similar to
those in lambs and sheer dying of lLafectiun with pantropic viruz, lelCh11§2/‘
described histological changes in the livers of hsmsters and mice infected
with Rift V7llcy fever. lis findings essentially confirmed ths vbservations
of Daubncyl and !1nd1.y.33'

Cats showed very small focl of degereration on the liver, Fer-
lets presented a patholcgical picture characterized by extensive developme 't
of edematous pul7onnry consolidation with a scanty exudate of laerge mono-
auclear cells,2l '

4, Immunization
a, Passive

Administration of immune serum within 36 hours after exgosure
to Rift Valley fever virus was shown to protec! newly born lambse, 22
Practically, this prophylactic method had mauy disadvantages, and a live
or attenuated vaccine that would produce lasting ismunity was needed,

b, Active

H-clnnztoﬁzj prepared two vaccines, one by inactivation of virus
with mathylene blue in light and one by inacrivation with formmlim. A
nusber of investigsators studied the attenusation of virus undergoing serial
intracerebral passage in sice.3’ Raschulall/ found that 1live vaccine pre-
pared from 86 mouse passages and ten egg passages caused abortion 1n preg-
nant animsls. Live vaccine prepared from virus with 102 wouse passages
and 54 egg passages appeared scfe for use in cattle and sheep, although it
was slightly less immunogeaic than that with fewer passages. According to
Uotn-,3 the latter vaccine has been used exteasively in Africa with encour-
aging results, -




F. DIAGNOSIS

Confirmed diagnosis of Rifr Valley fever has been limited to laboratory
methods such as isolation aud identification of virus, serclogical tests, ,
gross pathology, and histopathological studies, especially of the liver.i’
Reliance upon symptomstic criteria resulted in d’A,ycd recognition of the
1950-1951 outbreak in the Union of South Africa.22/ Rift Valley fever was
initirlly confused with diseases such as enterotoxemia and bluetongue in
anime!s and influenza in humans. Similarities to "three-day stiff-sickness"
of animels and J‘uc, yellow fever, and sandfly fever in humans have also
been described.

G. TREATMENT

Specific treatment of Rift Vaslley fever hgs not been reported., Thus,
in practice, treatment has been symptomatic. Chexotherapeutics tz”d
without success included cortisons and ndumorwotroplc horwo: », 2L
and prontosil, sulphanilimide, and allied drugs. !.a 1 act vity
against infectigns in mice treated with chloramphenicol and eims of
the ncrtdlm-lqy has deen reported.
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1¥I. RIFT VALLEY FEVER VIRUS

A. BRECOGNIZED STRAINS
1. Pantropic

RVFV isolated from its natural environment, {.e., an epizootic in
African sheep or cattle populations, showed definite affinity for tissues
derived from two snd possibly three gera layers.2/ The virus produced
extensive necrosis of liver parenchvms and in this sense was frequently
referred to as viscerotropic and hepatotrupic. Lesions in tissues of
mesodermsl origin were of questionable RVFV etiology; the term polytropic
was proposed as a more accurate ters chan pantropic, vhic? wvas originally
applied to viral yathogenssis of all three germ layerl.}.{‘. The ters
"polytropic” has not been found in RVF literature other than in the pub-
lication in which it was proposed.

2. Neurotropic

A murottogtc'vcr}anc (NRVPV) of PRVFV was obtained by IC passage
in young nice. 30030,71,72/ summary of changes in the virus during 90

passages through mouse brainm s given bdelow.

NUMBERED IC
PASSAGES IN MICE CHANGES IN VIRUS AFFIKITY FOR MOUSE TISSUE
1-13 No apparent change,
15-20 Cained neurotropism and retained hepstotropisa.
20 Hepatotropism lost but easily regained.
33-49 Neurotrupism becams more stable but could still
be lost. ’
80-90 Beurotropic. Hepatotropism could not be

completely regained.

Adapted from Kitchen,34/

The sixty-eighth passage >t virus isolsted from s humen on the firvst
day of 1llness showed both troptg]; virus isolated on the fourth day exhib-
ited only the hepatic attribute, The circulation of eightieth-mouse-
passage virus in rhesus monkeys suggested Lhat low-passage neurotiropic virus

tended tg revert to its original pantropic character wvhen injected into
mkoyo.-/




logical ani behavioral differences.

3. Lunyo Virus

In 1956 Weinbren et al.=%

o
~

isolated two strains of an ayent similar
to kVPV from mosquitoes caught ia the Lunyv Forest on Entebbe peninsula.
The virus produced hepatic lesions similar to those produced by PRVFV in
mice, but the histopathological picture wes different and there were sero-

A sumxary of similarities and dif-

ferences between RVFV and Lunyo virus is presented below.

SIMILARITIES

DIFFERENCES

Lunyo antiserum neutralized
RVYV,

Lun,;o virus with strong
neuturropic propertiss
reacily yielded a viscero-
tropic strain with IP
passage in mice.

iunyo viscerotropic strain
showed cross neutraliza-
tion with PRVFV,

lunyo viscerotropic virus
reverted to neurotropic
when passaged through a
mosquito., PRVFV reacted
similarly when passaged
through certain rodents.

RVFV satiserum did not neutralizs
Lunyo virus.

lunyo virus was transmittec by Aedes
aegypti mosquito, RVFV-was not,.

Mice infected with neurotropic Luanyo
virus becams hyperactive, ate any
available meterial including their
own appendages, and usuaslly died in
convulsions 3 to 12 days after inocu-
lation, Mice infected with NRVFV
exhibited inappetencs, progressive
loss of muscular coancrol, and died
withia 2 to 3 days after inoculstiom,

lunyo virus was less stable in stor-
age (lyophilized in serum) thaan RVFV,

Luayo virus failed to yiela a hemmg-
glutinin, BRVFY readily yiclded
hemagglutinin.

Adspted from Weinbrea gt g.!!/

| 8

MORPHOLOGY

PRVIV readily passed through Chﬂo{ nd filters up to L1l grade but

By filtration through gradocol

rarely passed through filter grade L1J,
membranes, particle size of PRVFV was estimsted at 2] to 25 sillisicrons. Y/
Complately differeat 3.; tes of RVFV particle size were obtained by
ultucntrttuuuo-.7 - PRVFV particle size wvas reported as 49,7 milli-
sicrons and NEVIV (102 IC mouse passages, 30 egg passages, and 9_]C yuu
passages) showed two particle siszes, 30.9 and 51,8 willieicrons. 2.l

NRVYV puritied by ultncow“uuuou remained viable longer than NRVFV in
wouse brain preparatious,
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C. PROPAGATION
1. Mice

7icc and rats of several varieties have been used to propagate
PRVFV.22/ Mins3%/ used White Swiss mice for propagation and guantitation
of RVS’X. }‘hc virus i3 98 to 100 per cent lethal for mice in two to three
dsy 22,36/ yimg showed that age of mice had little effect on peak titers
in mice 2, 4, 6, 8, and 10 weeks old. The rate of blood titer increase
was proportional to the quantity of virus in the inoculum, but the final
titer was approximat=sly the same. Peak titers were reached one to two
hours befure mice sickened and died. Mice inoculated intravenously (V)
or intracerebraliy (IC) with 102 to 103 LDsg per mi* virus produced blood
titers as high as 1010 LDso per ml, Subcutansous (SC) or intraperitoneal
(IP) inoculation gave titers in blood approximstely one log lower. Titers
in brain and liver vere ususlly one to two log;o lower thsn titers inm blood,

2, Llambs

Daubney et .I_L.y used the lamb fcr isolation and propagation of
PAVFV., The virus infection was fatal in two to three days for 90 per cent
of the three to seven-day-old lambs, The mortslitv rate decreased with age
to approximately 20 per cent in maturs sheep. Exact titers of PRVFV in
lambs wers not reported, but data presented by Smithburn3L: suggested thet
virus in the bloodstress was plentiful. Two-tenths ml of lamb blood drawn
daily from the first through the third days of infection killed all of the
mice inmoculated intrsperitoneally. The lambs were infected with approxi-
mately 1 x 10% mouse LDgg of virus given subcutaneously. MNeurotropic RVFV
was rarely fatal to lambs except when inoculated tntuccubnlly.i./ Smith-
burn was unable to demonstrate NRVFV in the blood of sheep or lambs during
the first ten days following subcutsneous inoculation with approximstely
1 x 10* muus. 1Dyg of uxvyv, 32/ Avsilability of lambe was seasonsl, how-
ever, and their continuous use for propsgation of RVFV u, impractical.
The gestation period in sheep is approximately 150 dayl;u therefore,
under natursl conditions lambs are ava. lable only in the spring and late
fall,

., Embryonated Lggs

s.alutouly propagated PRVFV on ths choricsllantoic membrane of
9- to 10-day-old embryonated eggs. Embryos were harvested after five days
snd the membrane, liner, sad samnfotic fluid were titrated in mice. Titers
were not reported, but it was ststed that all three materials contained

* LDyg in mice was calculated by the method of Reed and Muench.




virus; the liver was mors consistently ianfectious for uwice than membranes
or ammiotic fluid, KaschnlalZ, propagated both pantropic and neurotropic
strains of the viius in the yolk-sac and on the chorinsllantoic wmembrane of
embryonated eggs., Highest titers of virus (1 x 109+3 mouse LDgg) were
obtained at 34°C from 8-day-old eggs ‘noculated in yolk-sac with 1 x 102.0
acuse LD5Q per U.1 @l virus and harvested at deat!: (approximately 48 hours),

4., Tissue Culture

MacKenzield/ and Saddlngtonla./ carried PRVFV through 12 subcultures
in 9- to 10-day old chick embryo colzu suspended in Tyrode's solution,
Virus titers of approximately ! x 10 *3 mouse 1D50 were obtained after
incubation of virus and cell suspension at 37°C for four to five dlyl.w

Endo-a—o-, reported the develupment of & neurotropic variant by serial
passage of PRVFV in a Maitland-type tissue culturc of embryonic mouse brain,

Ia roller tube tissue culture, Takemori et _l_l.gl:-a-y demonstrated
the cytopathogenic effect of NRVFV and PRVFV on rat sarcoms cells, human
embryo, and rat, mouse, and swvice fibroblasts, Ho!.uj reported cyto-
pathogenesis of NRVFV in lamb kidney cells grows in roller tube cultures.
Weiss confirmed the finding of Takemori et al, thst the cytopathogenic
effect_appeared within about two days snd meximums virus titer (1 x 106 to
1 x 10 mouse LLgg) was reached prio: to marked cell destruction, which
was complete in four to six days.

PRVFV and IIVZY were titisted in tissue culgjo by plaque formation
on uta rcoms colh 81/ Chang's humsn liver cells, and sheep kidney
cells, hndnll—-, propagated PRVFV {n monkey kidney cell tissue culture

for production of vaccine.
S. Adsorption snd Multiplication
s, In vive

m-o&/ obtained data for Pa/FV growth curves by titration in
mice. He reported that mnst of the virus disappeared from the blood within
the first hour, Between five and nine hours, depending upon inoculum size,
there \11 an expunential rise 1n titer, Compasasble final yields of virus
(1 x 10 MIC1Ds, per 0.03 m]) were obtained for different-sized imocula at
different times, as shows below,

INOCULUM, MICLDso PER 0.03 ml  APPAGKIMATE TIME, HOURS

1 x 109.7 50
1 x 10} 48
1 a 1049 10
1 x 1073 18

Adapted ‘ rom Mims,2%/



Two-step growth curves developed when inocula of 1 x 100 to
1x 1073 MICLD5y per 0,03 ml were used. The curve was characterized by
an exponential rise at four to five hours, when a one-hour lag appiared
that was followed by a second exponential rise, One-step growth curves
resulted from incressing the inoculum size to 1 x 108-3 to 1 x 108.3
MICLDgq) per 0.03 ml. Titers increased exponentially between four or five
hours and seven or eight hours without evidence of lgg. Peak titers of
1 x 1083 o 1 x 109 MICLDgy ware reached in seven or eight hours.

Takemori et .1.82/ constructed growth curves for both neuro-
tropic and pantropic EVFV from data obtained by titration of ascitic
fluid from infected mice that had been inoculated with ncia’ hepatoma
cells eight days before virus inoculation, Matumoto et al. confirmed
the findings with neurotropic RVFV.

b. !2 vitro

Plowright and lorritﬁ/ reported growth curve studies of RVFV
using lhc gdmy sonolayers in culture tvbes, They rcporgs peak titers
of 1 x 10 in about 36 hours. Yakemori et al., using
ascites toms col of mice in roller tube tissue culture, made quan-
titative suremsnts of WRVFV and PWPV, [hey found little dlffcunco
in the in vitro growth of the two virus strains. Peak titers of 1 x 106
MICLDsp were attained after two to thces days,

I\nuw employed plaque formstion on monolayers of Chang's
humen liver cells (CHL) to investigate tha latent period and the appear-~
ance of intracellular antigen of RVFV, He stated that the period of
intracellular multiplication wvas 2.3 hours and the latent period extended
to 6 hours, Using the indirec. fluorescent antibody technique, he detected
intracellular complement-fizing antigen at 5 hours.

c. Interference

Pindlay and Hovard32/ investigated interfsrence between neuro-
tr piv and hepatotropic virme and between ether-inactivated neurotropic
virus and hepatotropic virus, Exaltation between Senger virus and neuro-
tropic virus was also studied, They claimed correlation between the
development of neurotropism and {ncreasing inteiference between neurotropic
and hepatotropic strains, Becsuse of difficulties encountered in obtaining
completely inactivated virus by ether treatment, these results were not
clear-cut, but the authors concluded that ether-insctivated virus inter-
fered vith living virus, It was slso concluded thst Senger virus, &
wember of the encephalueyocarditis group of vtrusu, was exalted by neuro-
tropic virus injected intraperitoneally,




Naude and Polaous—al investiz:ted interference between aciLive
KVFV snd ultraviolat-irradiated RVFV, % - found chat irrsdiated virus ' [K
interfered with infectivity and 5 t optimal doses of irradisted virus
elicited immunity in mice. Ioy iavestigated the antigenic power of

RVFV inactivated by UV irradiatiom.

Scote and H’.\i;ccdg_o./ investigated interference of RVYV by
rinderpast virus (RV) in hamsters and mice. Eamstarc that were infected
with RV two to saven days earlier were not affected by exposure to RVFV,

The suivivoru were i{ound to be susceptidle to RVFY when c.-uxposed. Expo-
sure to KV 8, 9, and 10 days before exposure to RVPV tasulted ia 50 per
ceut deaths frum delayed RVIV infection, Survivors were ifmmume upon re-
cxposure to RVFV, Yeriods of 1, 12, 13, anc i4 diys pre-exposure of ham-
stexrs to KV producad vo evidence of interferance on inoculatica with VIV,
Similar evidence of intoiference did mut occur iu mice. The naly siguifi-
cant foature of the acuse exiperissnts was & delay iu pesk desth time,
Sindlarity of Rift Valley fever to deongus ard yellow fevar induced NndlnyB/
to investigate interievrsnce among thase viruses. He reportad no 1“35 fer-
-ence betwesr RVFV and dengue virus. However, Pindlay and KacCall

reported that IP imoculatiomn of xice vith & mixture of *RVFV and neurstropic
yellow fever virus (WYFV) completsly protected a few mice and Galayel the
death time of the others, This protsctioa was not seen {f PEVFV war 2iven
24 hours prior to inoculation with NYFV, Similarly, it was ahowm raat AYFV
protects agaimet psntropic yellow fever vfius (PTPV) but IPYFV Jdid wt pro-~
tect sgaiast WYPV,

d. Tacomplete Virue

lesaced?/ preferved limited use of the term tuccuplete virus -

and restricted its applicatiom to focusing attention ou ths differencis
in che (xfeciivily oz virus produced from serisl passage of low-dilution
and aigh-dilutiom material. Ne criticized use of the term to imply the
production of an abnormsl end-product of virus multiplication or the
sruduction of JSevelopmentally {mcomplete virus, i ascribed the low
infsccivity of matoarial produced by serisl passage ¢  large imoculs of
PEVFY to the productice of imcowplete nosulocuvo virvs, Be found that
mouse serum with a CRVFV titer of ) x 10 mr 0,03 wl, passaged
undiluted ia mice, dropped as low as 1 x 16%- 50 per 0.1 ml st the
fifch passage. The hemagglutinia titer of this material wes not reduced
in proportion to the imfectivity titer, but u-ts« relatively constant
after the fivst passage. Material diluted ta 10°% produced high infec
tivity titers cad proporticaately high hemmgglutinin titers. :

D. STABILITY

l. 2cid TYolersuce

Ptndlnyw reported that PRVIV ta blood sdjusted 2o pl 6.9 to 7.3
with phosphats buffer reccoined visbility for 20 hours at 37°C but was




inactivated at voom temperature. At pH 6.6 at room temperature, some virus
remained vizble; however, st pR 8 the virus was inactivated both at room
tewperature and at 37°C. 1In contrast, Kaschulal?/ reported that waximm
viability of the virus was sustained at approxiimtely pH 8. Mime36/ tested
wirus stability at various pH velues from 6.0 1o 3.0 at 37.5°C in Sorensen
buffer, Sorensen-buffered saline, bovine albumin, and urea conceuntrations
of 0.3 and 3.0 per cent, Fe found that the virus was equally stable in
all the diluents tested as long as the pH wes between 7 and 8., Beiow pH
6.0 the virus was rapidly inactivated. Mims concluded that the absence

of virus from the urine of infected mice could probably be attributed to
the pH of mouse urine, Jormally betweea pH & and 6 and rarely as high as -
pH 7.

2. Heat

PRVFV in phosphate-buffered blood (pH 7.2) retafned virulence for
20 minutes at 56°C but not for 40 minutes, according to Find y.22 tu-?-"-/
found that undiluted wouse serum with a PRVFV titer of 1 x 10° MICLDg) per
0.3 ml lost only one to two logs of titer when hested to 56°C for one nour,
Surprisingly, the titer did not drop below 1 x 103 MICLDsg per 0,0) ml when
the sample was heated to 56°C for thice hours. In contrast, the hemag-
glutinin of PRVFV was completely destroyed in one hour at 56°C.

3. Chemicals

Daubney et al.l/ recovered viable PRVFV from blood plases after
salting out virus sad protein fnc; s vith ammonium sulphate buffered
st pH 7.4, Andrewes snd Borstms treated PRVPV vith ethyl sther for
18 to 246 hours st 4°C. They added ether to a mouse liver suspension with
a ticter of 1 x MIPLDsg per nl and found that the titer was reduced
100-fold. uine?*/ found that XVFV extracted from infective mouse serua
with acetons and ethyl ether lost its infectivity but retained antigemicity
and hemsgglutianin,

4. Storage
a., Cold

According to Daubaey et g{.,y PRVFV im citrated blood msy be
maintained for one week at room temperature without luss of infectivity,
Vith oxslate-carbol-glycerine (0.C.C.) sdded, infective blood stored under
refrigeration at 3°C (with comsiderable variation) retained virulence for
$4 deys and rcmsined viable with reduced virulemce for 147 days. Pindlay22/-
reported that infective blood with 0.C.C. remsimed viable for eight months
under refrigeration at 4°C, but with reduced virulence. Defibrinsted b'cod
with 0.5 per cent phenol remained virulemt for six moaths at 4°C. PRVFV

in undiluted mouse sevrum remsined viable for t moaths and showed rela-
tively no loss in titer for 30 days st -20°C. Lunyo vtnu,_o’oud under
the same stated conditions, lost 1.2 logs of virus in 28 days.32
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Kaschulall/ confirmed Endo's findingzﬁl that RJFV was most
stable in whole egg. This stabilizing action was later attributed to
egg yolk, Kaschula concluded that the virus was most stable in undiluted
egg embryo at -70°C., Instability of RVFV in mouse brain suspensiongll
was attributed to the acrion of virus-inactivating enzymes, the activity
of which was retarded by 0.01 M KCN, condensation products of gallic acid
and formalin, and phosphorylation products of resorcinal.s

b, Llyophilization

PRVFV in mouse blood dried in vacuo over P05 and mairt.ined
at 4°C remained active for at least six weeks.22/ Dried from the frozen
state in vacuo over H2S04 and =zaintained at 4°C, the virus in blood diluted
1:10 with normal serum remained viable for eight months.2Z/ Lyophilized
NRVFV in mouse brain lost titer when stored at 37°C for une week or at 4°C
for three months, It was found that the presence of buffering electrolytes
was harmful to the stability of lyophilized preparations. Stability was
improved by the addition of five per cent sucrose, one per cent mixture of
21 amino acids, and five_per cent peptone or a saturated solntion of
lactalbumen hydrnlyzatc.l. A lyophilized preparation of Lunyo virus in
mouse brain wicth 100 per cent normal serum as the desiccating nedium
dropped from a titer of 1 x 1088 MICIDs to a titer of 1 x 1045 MIcLD,
afrer storage for six weeks, A similar preparation employing beef-peptune -
albumin as the desiccating medium lost 4.2 logs of potency after 18 days'
storage at -20°C.

E. IDENIIFICATION PROCEDURE
l. 1lsolation

Rift Valley fever virus has been successfully isolated by injection
of uulg,etcd -nz,rlll into hizhly susceptible animals such as lambs or
sheep, ~ -icc,ll and ferrets.2?/ Tsolation has slsc been made by inocu-
lation of infected meterial into, the yuik-sac or on the chorioallantuic
assbrane of olgh:-da; embryonated oggu.ll' Whole blooi,l/ scru-,lzf throat
and nasal uashlngn,-—/ homogenates of lnscczn,i’ egg cnbryo,ll and vital
organs such as brain, liver and spleen from suspected sources have been
successfully uned as inocula.zg/ Virug has been concentrated from cuspen-
sion by precipitstion and filtraticn, )/ whole birod and serum, aseptically
drawn from diswase-{ree animets, have been widely used to obtain bacteria-
free suspensions of virus, The method requires knowledge of when and where
virus is found in varfous animals. It has been shown?8/ that the titer of
pantropic virus in various organs was related to concentration of blood in
the organs, The periods during which the mnre important hust species have
been found to have virus in the blood are compiled In Table vi.
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TABLE VI. CIRCULATION OF PRVFV IN BLOOD OF VARIOUS HOSTS

DAYS OF DAYS AFTER INOCULATICH LITERATURE ,
HOST FELX TITER VIRUS PERSISTZ IN BLOOD CITED
Sheep 3-5 6-7 ‘ 22
Monkey 46 13 22
Rat 3-5 15 22
Humen 1-3 9 22
Mice 1-2 -4 36
Lambs 2-3 2-3 36
Ferrets 2-4 2-4 , 27

2, 1ldentification
a, Cross-Immunity

Thus far, positive identificstion of Rift Vulley fever virus
has been sccomplished by the adaptation of accepted serological techniques,
The earliest test vod for the ideantification of the virus was introduced
by Daubney et al.,</ who perforwed cross-immmity tests on lambs, Seasonal
svailability, msuipuistion, and expense incurred in the extensive use of
lambs tor routine work were serious limitations of this method. 'Hndhyw/
found no cross-immunity between Rift Valley fever and louping {ll or dengue
in monkeys.

b, Serum Neutrslization

Hndllyw discovered the high susceptibility of mice. He inocu-
lated mice with dilutions of {nfected blood neutralized with a constant amount
of antiserum, Modifications of cthis test have been applied to differentiation
of neurotropic and pantropic strains by-’tudot-l}-)ntuccnbul, subcuta-~
neous, and intraperitonsal imoculat.ion, Pindlay also showed that the
neutralized virus could be reactivated by simple dilution or nasal instilla-
tion, Inactivation of nonspe ’ ic inhibirors by heating at 56°C for 30
sinutes has been recommended.

¢, Complement Pixstion

The co.plc.nt-uutlou teot wes adapted to the {dantification
of Rift Vallcy fever virus and {ts homologous santisera by Broom and Findlay
tn 1932101/ They showed that fixation was in direct proportion to severity
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of clinical disease. Exact correlation betwecn the serum-neutralization
test and the complemenZ-fixation test was reported by Gear et 51..3112/

It was reported that complement-fixing antibodies were not always detectable
in the sera of humans and animsls inoculated with the neurstropic strain,
but the report was not supported by experimental evidence., IwasaB4/ stud-
ied the production of complement-fixing antigen in tissue culture (CHL
cells), using the fluorescent antibody technique.

d. Hemagglutination Inhibition

Mims and Hnsowg“/ adapted the hemsgglutination inhibition test
(HAL) to the identification of Rift Valley fever virus. They showed & speci-
ficity of the te:t for cthe virus and no sevological overlap with Semliki
forest (Group A) or yellow fever (Group B) viruses. Optimal hemaggultina-
tion occurred at pH 6.5 and 25°C. Acetone-ether-treated and untreated virus
were adsorbed to red cells. The virus was not eluted, nor could it be
e ‘ washed off. The untreated virus preparation was a more powerful hemap -
’ glutinin than the acetone-ether-treated preparation, which was noninfactive.
Chick red bloud cells were routinely used fur the test,

e, Agar Diffusion

Although substantiating evideace was ot preseuled, weisad/
reported demonstration of a precipitin reaction with neurotropic virus
and its antibody in agar plates.

F. CLASSIFICATION

Casalsl02/ grouped arthropod-borne viruses iato three groups (A, B, and
C) on the basis of serological interactions, A fourth group (uncl.uolflcd)
listed viruses that were not placed in the A, B, or C groups because they
failed to show serologic relationship to any of the other arthropod-borne
viruses. Rift Vll|o¥ 5:\:: virus was placed in the uaclassified group.
Polson and Linderl4 grouped eight --‘mal viruses into three groups on
the basis of ultracentrifuge sedimeitation rates of 70, 170, and 450
Svedbergs,  Rift Valley fever virus fell into the 450-Svedberg group, along
with neurotropic horse-sickness virus, Bauer and !rudloyl°3 classified
nsurotropic viruies according to xauthine oxidase activity in infected
mouse brain, They placed neurotropic Rift Valley fever virus in group
two of their five groups. Bunyamwera, erncephalomyelitis, neurovaccinia,
pseudolymphocytic choriomengitis, Pantz and Ctllforntn viruses we:ze also
placed in tuis group, ‘
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v, 8 y

Daubney st ﬂ.y and Veised/ suggasted that RVF was present in Central
Africa for ysars bafors 1930, Moatgomery (1912) &nd Scordy (1913) described
a similar disesase in the Rift Valley, but in neither instance was the etio-
logicsl ageut determinad,

FPindlay sad co-workers descrided “he pathology and histopathology of -
the disease and adapted the serum-neutrsiization test aud tha ¢ lemant -
fixation test to detectiom of RVFV satibodies in serum in 1932,5& 1Ia
1934 Kitcnen made & datailed report om the diseass ia -....2!/ I 1936
MacKkenzie and Pindlay develiped a rotTopic straia (WAVFV) of the virus
by serial passage ia wouse brains. in the same year the coecsplemsnt -
fixation test was used to outline the gecgraphical area of tha disease in
Africa by extensive test.ng of sera from Africea aatives,

Ssithburs et Q.y eotablished arthropod transmivsion of the virus in
1948 by f{solatirg it from mosquitoss csught ia the vainhabited Semliki
forest in Western Ugands, Subsequently, im 1949, they n ceeded in paseag-
ing the virus im experimental animals by mosquito bite. In 19526}}51
the first knowa episootic of the dizease occurred im South Africa. .

" Takemori et a_l..w reported plaque fo ion by RVFV ia monolayer tissue
culture in 1235, 1Ia 1936, Weinbres et al. isolated the Lunyo irus,
-which produces cannibaliom {n mice. KVY_qpiscotics reappesred in local
areas of Africs ta 1953, 1933, and 19%. At this vriting, the disease
has not been reported uader astursl circumstesnces outside Africs. Labora-

tory infectt
Unfited ;z.;.:tzf

have been reported ia Africa, England, Japsn, and the
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